Consider a renewal process {X,, n 2 1} for which there is defined an associated sequence of independent and identically distributed random variables {Bn, n 2 1 } such that Bn is the length of a subinterval of Xn. We show that when attention is restricted only to B-intervals, the asymptotic joint distribution of the residual life and total life of a B-interval is that of a renewal process generated by (Bn, n 2 1}. 
NOTATION
Let {X, n -1) be a sequence of nonnegative i.i.d. random variables, representing the time between events in a renewal process. Let So, S1, * * * be the times at which renewals occur, i.e., X. = Sn -Sni, n -1 for SO < Si < S2 Figure 1 . We allow Ai, Bi, and Ci to be dependent, but assume that the pairs (Xi, B1), (X2, B2) *-are independent.
Each renewal interval is divided into a beginning (A-interval), a middle (B-interval), and an end (C-interval) as shown in
Let { Y(t), t -0) be a continuous time stochastic process defined by O if t E [Sn+,, un) for some n;
Y(t) = 1 if t E [unF vn)
for some n, is the asymptotic joint distribution function of the excess (residual) life and total life (spread) of a B-interval when attention is restricted only to B-intervals. Consider a renewal process where the times between events are distributed as fB., n 2: 1}, and let E(t) and S(t) be the excess and spread at time t for this process. From Kleinrock (p. 172), the joint equilibrium density for these random variables is given by dB(x)dy/E(B) where B(x) = P(B1 ' x). Therefore, 
Technical Notes
In this system, the server takes successive vacations until returning to find at least one customer waiting. Therefore, whenever the server is not busy, the server is on vacation. Since the system is work-conserving, the steady-state probability that the server is busy is SE(V) as in the ordinary M/G/1 system. Let Wq be the steady-state waiting time in queue and N the number of customers seen by an arrival. Since Poisson arrivals see time averages,
E(Wq I N= n) = nE(V) + E(VE).XE(V) + E(UE)(1 -KE(V))
where VE is the remaining service time of the customer in service, if any, and UE is the remaining vacation time if any, at the arrival epoch. Unconditioning and using Little's formula,
E(Wq) = E(VE)XE(V)/(1 -XE(V)) + E(UE).
From the theorem, VE and UE are the equilibrium excess random variables for V and U. So
E(Wq) = E(V2)XE(V)/(2E(V)(1 -XE(V))) + E(U2)/(2E(U)), and the mean wait in system is given by E(W) = E(V) + XE(V2)/(2(1 -XE(V))) + E(U2)/(2E(U))
which corresponds to Equation 35 in Levy and Yechiali. Results for the other model can be similarly derived.
Approximation of MIGIc Queues
One of the major difficulties in analyzing the MIGIc queueing system is dealing with the joint distribution of the remaining service times of busy servers. This is apparent in two recent papers in which analysis is based on an approximation assumption designed to handle this difficulty.
Let the service time distribution be denoted by G and the equilibrium excess distribution of G be denoted by Ge. Nozaki and Ross [1978] obtain an approximation for average delay by assuming that at epochs when a customer enters service, the remaining service times of the services in progress, if any, are i. Each of the assumptions involves three issues: the marginal distribution of each remaining service time, the times at which the process is observed, and the independence among the remaining service times. The first of these issues is resolved as a direct consequence of our theorem. By defining, for example, a sequence (B W , n : 1) for any k : 1 where B RI is the kth service of the nth busy period, we can apply the theorem to obtain Ge as the limiting marginal distribution of the remaining service time of each server. Therefore this element of the assumptions is exact. The approximations result from using this equilibrium distribution at departure epochs which do not, in general, give rise to general-time probabilities, and from the independence assumption. This helps to clarify why the results can be expected to be more accurate in light traffic as noted in Nozaki and Ross, and when the number of servers increases to oo, as noted in Timjs et al. In both of these cases, the probability of a queue forming decreases. One effect of this with respect to the assumption in Nozaki and Ross is that a greater proportion of the times at which customers enter service will be arrival epochs which, because of the Poisson assumption, give rise to equilibrium probabilities. The assumption in Timjs et al. also becomes more accurate in this respect since as the proportion of customers who have zero delay in queue increases, the system behaves more like an M/G/oo queue. This is significant since the departure process of the M/G/co system is Poisson (see Gross and Harris [1974] , p. 274) and therefore also results in general-time probabilities. In both assumptions as the probability of a queue decreases, the independence among the remaining service times increases. For the M/G/oo queue, where there is no queueing at all, the assumptions are equivalent and exact (see Takacs [1962] , p. 161).
